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Abstract

Objective: To investigate some of the demographic, 
medical, and visual aspects of diabetic retinopathy 
(DR) and diabetic macula edema (DME) in diabet-
ics attending an urban clinic in Johannesburg, Gau-
teng. 
Design: In this cross-sectional study, 202 diabetic 
patients were recruited. Demographic variables in-
cluded age, gender, race, age of diagnosis, duration 
of diabetes mellitus (DM), and social habits. Medi-
cal variables included systemic conditions present, 
blood pressures, body mass indices (BMI), lipid 
profiles, glycerated haemoglobin (HbA1c), and 
other biochemical data. Visual variables included 
distance, pinhole and near visual acuities, contrast 
visual acuities (CVA), refractive status, colour vi-
sion, central visual field evaluation with the Amsler 
grid, intraocular pressures (IOP), fundus photog-
raphy and administration of the Impact of Visual 
Impairment (IVI) questionnaire. All variables were 
compared between diabetic subjects with and with-
out DR and DME in both right and left eyes.
Results: Overall prevalence of DR was 22.8% and 
DME 12.5%. In DR subjects, significant results 
indicated that Whites were more likely to present 
with DR (p = 0.002). Subjects with DR had a high-

er mean duration of DM (p = 0.002) and a higher 
mean diastolic blood pressure (p = 0.035). Au-
torefraction suggested that more myopia and less 
astigmatism might be associated with DR. A higher 
mean CVA at the 2.5% level in DR was significant 
in both the right eyes (p = 0.042) and left eyes (p = 
0.035). These subjects also reported a higher mean 
IVI score in the consumer and social interaction 
domain (p = 0.032). Similarly, DME subjects dis-
played a higher mean duration of DM (p = 0.042) 
and a higher mean diastolic blood pressure (p = 
0.048). A higher mean CVA was associated at both 
the 10% level: right eyes (p = 0.021); and left eyes 
(p = 0.046), and at the 2.5% level: right eyes (p = 
0.033) and left eyes (p = 0.045). A higher mean IVI 
score in leisure and work (p = 0.026), consumer 
and social interactions (p = 0.01) and emotional re-
action to vision loss (p = 0.018) was reported in 
subjects with DME.
Conclusion: This study has identified possible de-
mographic, medical and visual risk factors of DR 
and DME in South African diabetic patients.  

Key words: diabetes, diabetic retinopathy, diabet-
ic macular edema, contrast visual acuity, diabetic 
demographics
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Introduction
Diabetic retinopathy (DR) has become the leading 

cause of visual impairment and blindness among the 
working age group in both developed and developing 
countries1, and it is now probably the most frequent 
manifestation of a systemic disease encountered in 
primary-care institutions. Optometrists and ophthal-
mologists form part of the multi-disciplinary team 
aiding diabetic care. They are also often the first to 
examine patients with undiagnosed diabetes, or early 
and possibly asymptomatic DR or even DME2, 3. This 
possibly is even more so in South Africa, where op-
tometrists are probably the most accessible eye care 
professionals to the public. General hospitals, clin-
ics, and non-government organizations providing eye 
care are limited (approximately 25 government clin-
ics to cater for 32 million people) and have very few 
optometrists and ophthalmologists available4. 

The need for early detection of DR and DME is 
further highlighted by the development of new thera-
pies. Currently medical interventions include laser 
photocoagulation and vitrectomy that only target ad-
vanced DR and DME with variable success. Potential 
pharmacological therapies are now being developed 
to target the underlying biochemical mechanisms that 
cause DR and DME. The aim of these therapies is 
to find pharmacological agents that slow down the 
progression of DR and DME, in their early stages5, 6. 
With the introduction of these therapies in the future, 
reliable procedures will be needed to detect early DR 
and DME. However, due to the insidious nature of 
DM, the asymptomatic stages of DR and DME are 
not easily detectable by fundus photography, ophthal-
moscopy, fluorescein angiography, or even optical 
coherence tomography5, 7. Nevertheless, there is evi-
dence that during these early stages alterations occur 
in the retinal ganglion cells and inner retinal neurons 
which in turn causes changes, for example, in colour 
vision and contrast sensitivity7.  Therefore, this study 
was principally aimed at identifying and understand-
ing some visual aspects of DR and DME such as con-
trast visual acuities, refractive behaviour, and colour 
vision. But demographic and medical profiles were 
also investigated to provide a more holistic under-
standing of this complicated disease.

Methods
Two hundred and two subjects (N = 202) attend-

ing the diabetic clinic at the Helen Joseph hospital in 

Johannesburg, Gauteng, South Africa were randomly 
recruited into the study. Participation was voluntary, 
and all the necessary ethical clearances for the study 
were obtained from The University of Witwatersrand 
(who administer the clinic) and the University of 
Johannesburg. Demographic and medical data were 
recorded on the day of the examinations. Age was 
defined as the age of the patient at the time of ex-
amination, and age of diagnosis of DM as the time the 
diagnosis was first recorded by a physician on the pa-
tient’s hospital record card. The duration of DM was 
calculated as the period between the age of diagnosis 
and the age at the time of the examination. For the 
purposes of data analysis, patients were classified by 
sample size, from greatest to least, into their respec-
tive ethnic groups, namely Coloured, Black, Indian 
or White. Biochemical results within three months of 
the visual examination were used for analyses. Op-
tometrists at different stations conducted the visual 
assessments. Three refractive state measurements per 
eye were measured using the Huvitz MRK 3100P au-
torefractor. The instrument rounded measurements to 
0.25 D, and the matrix averages of the measurements 
per eye were used for further data analysis. Monocu-
lar habitual distance acuity and pinhole visual acuity 
was measured using the Lighthouse ETDRS charts. 
Contrast visual acuity (CVA) results were obtained 
using the logarithmic new ETDRS chart from Preci-
sion Vision, at contrast levels 100%, 10% and 2.5%. 
Testing distances included 4 metres, or at 2 and 1 
metre where required. The letter scoring method and 
the manipulation of the logarithmic scale into smaller 
denominations were used to record all acuities as it 
provided greater accuracy. (For example, acuity of 
4/20 − 2 equals letter score of 65 – 2, which is 63, 
and 63 converted to LogMAR notation equates to 
0.74.) Colour vision assessments in the subjects were 
performed to determine whether the Farnsworth D15 
colour vision tests would be feasible as a screening 
test to differentiate between subjects with and with-
out DR and DME. An average of three intra-ocular 
pressure measurements per eye was obtained using 
a Reichert NCT II non-contact tonometer. Central 
visual field abnormalities were recorded via an Am-
sler Grid consisting of white lines making up 5 mm 
squares on a black background. A non-mydriatic 45°  
retinal camera, the Topcon TRC-NW200 was used to 
obtain fundus images, centering on the macula. The 
design of this camera allowed for images to be ob-
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tained through pupils as small as 3.7 mm and pupil 
dilation was encouraged by allowing each subject to 
spend five minutes in a dark room before photography. 
Image quality was monitored with periodic feedback 
to the photographers, and if necessary more than one 
photograph was taken. The digital images were then 
evaluated independently by two experienced ophthal-
mologists, and diagnosed in accordance with the In-
ternational Clinical Disease Severity Scale8. Lastly, 
the IVI 32-item questionnaire was administered to 
measure the impact of vision impairment in the fol-
lowing five domains of functioning: leisure and work, 
consumer and social interactions, household and per-
sonal care, mobility, and emotional reaction to vision 
loss. Responses to items were rated from not at all 
(0), rarely (1), a little (2), a fair amount (3), and a lot 
(4), all the time or cannot do because of eyesight (5), 
and do not do because of other reasons (8). Total and 
domain scores are an arithmetic average of the rating 
where an item rate 8 is not included in the final score9. 
The reason for this choice of questionnaire was that it 
had been reported to have sufficient internal and con-
struct validity and because the questionnaire yielded 
consistent results between interviewers over time, it 
has the potential to evaluate outcomes of interven-
tions9, 10. Subject identity, diabetes status, and all 
other clinical and medical factors were masked and 
unknown to the ophthalmologists, photographers and 
optometrists.

Data analysis was done using the Statistical Pack-
age for Social Sciences (SPSS) software provided 
by the Statistical Consulting Department of the Uni-
versity of Johannesburg, and multivariate analysis 
was performed on autorefraction measurements, us-
ing software developed by Harris, Rubin and Malan 
from the Department of Optometry of the University 
of Johannesburg. Parametric two tailed t-tests and 
chi-squared tests were used to obtain significant dif-
ferences when all variables were compared between 
subjects with and without DR and between subjects 
with and without DME in right and left eyes.

Results

Demographic and Medical Results
Table 1 represents a comparison of the descriptive 

variables between diabetic subjects with and without 
DR and DME. 

The prevalence of DR and DME are presented 
in Figure 1. The overall prevalence of DR was cal-
culated at 22.8% (n = 46) and DME at 12.4% (n = 
25). Both DR and DME were equally prevalent in 
both Type 1 and Type 2 DM. These results were also 
comparable to that for the whole sample. A possible 
explanation for this finding may be attributed to the 
standard of care in these subjects. A majority subjects 
at this clinic are diagnosed with DM in an early stage 
and thereafter assessed regularly (every 3 months). 

Table 1. A comparison of descriptive statistics between subjects without DR to those with DR and in subjects without DME to those 
with DME. Categorical variables are represented with frequencies (f) and percentages (%). Continuous variables are represented 
with means (M), and standard deviations (SD). The sub-groups of sample sizes are represented by n. Systemic conditions and social 
habits represent subjects who responded “yes”. Recommended control values are indicated in brackets next to the appropriate bio-
chemical test. Significant results are indicated in bold type.

n n n n
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Blood sugar levels are also monitored at each visit, 
and where necessary medications are altered to main-
tain stricter control of their HBA1c. A further expla-
nation that might contribute to these findings are, that 
the average blood pressure and cholesterol levels in 
this group of subjects were within recommended con-
trol ranges, and these parameters if uncontrolled are 
found to increase the prevalence and progression of 
DR and DME. Hence, the current results may sug-
gest that in a group of early diagnosed, and regularly 
monitored and controlled diabetics, the prevalence of 

DR and DME may be similar.
Gender comparisons showed no statistically sig-

nificant differences between the absence or presence 
of DR and DME, even though female subjects had a 
greater occurrence of DR and DME.  Ethnic compari-
son showed higher prevalence of DR in White sub-
jects, significant at 5% level (p = 0.002, ∅  = 0.273), 
and DME at 10% (p = 0.66, ∅  = 0.189). Hence, there 
are indications that the White diabetic person is more 
likely to present with DR and DME, and the Black 
diabetic person least likely.

D R
D ME
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Figure  1.  Categorized bar chart representing percentage prevalence of DR and DME in either right, left or both eyes for all dia-
betic subjects (N=202).

The mean age and age of diagnosis between these 
subjects (DR and DME) showed no significant dif-
ferences. As expected, the duration of DM revealed 
significant differences in both DR (t (197) = −2.302, 
p = 0.022) and in DME (t (197) = −2.046, p = 0.042) 
between subjects. This indicates that on average sub-
jects who have a longer duration of DM, are more 
likely to present with DR and DME. Results also indi-
cate that BMI and blood pressures are comparable be-
tween the DR and DME groups. Of these only mean 
diastolic blood pressure was significantly higher in 
subjects with DR (t (188 ) = −2.120, p = 0.035) and 
DME  (t (188) = −1.989, p = 0.048). 

Of the systemic conditions both hypertension and 
cardiovascular diseases were more frequent in sub-

jects with DR and DME. However, the results only 
indicated hypertension in the DR group significant at 
a 10% level (p = 0.051, ∅  = 0.137). All social habits 
and available biochemical results of subjects showed 
no statistically significant differences in this sample. 

Visual Results
Autorefraction results were analysed using mul-

tivariate methods and software developed by Harris, 
Rubin and Malan (of the Optometric Science Re-
search Group). Satisfactory statistical analyses, for 
example, calculations of means, variances and test-
ing of hypotheses, with this type of data have only 
recently become possible based on transformation of 
dioptric power from clinical notation to a matrix rep-
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resentation. With matrices, Harris11-12  demonstrates 
that dioptric power can be ordered or ranked, squared, 
and that this approach allows determination of sample 
means, variances and covariances, hypothesis testing 
and appropriate scientific graphical representation of 
dioptric power. The graphical representation of the di-
optric power matrix F is in the vector space (see Fig-
ure 2) known as symmetric dioptric power space11-12. 
Each point in the space is represented by a matrix F. 
With these matrices, powers can be plotted on a set of 
three mutually orthogonal axes, FII, FJJ and FKK in 
the Euclidean 3-space so that a binocularly perceiv-
able three-dimensional scatter plot is produced11. To 

obtain the three-dimensional image, the two halves of 
the scatter plot must be fused by allowing the eyes to 
diverge slightly into an outward or exo-position rela-
tive to the plane of the plot11. The origin represents 

the point of zero power, emmetropia or 0 D in clinical 
notation. The axis (FII) represents scalar powers, or 
spherical change; that is, whether eyes are myopic or 
hyperopic without astigmatism (having spherical or 
stigmatic ametropia), or being emmetropic. The or-
tho-antistigmatic power (FJJ) represents all Jackson 
Crossed Cylinders or antistigmatic powers with axes 
in the vertical and horizontal meridians, 90  and 180
 .The oblique antistigmatic (FKK) axis represents all 
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Figure  2.  This stereo-pair scatter plot represents 95% confidence ellipsoids for autorefraction measurements. Blue (right eyes) 
and magenta (left eyes) ellipsoids represent diabetic subjects with DR and black ellipsoids those without DR. Thus, the presence 
of diabetic retinopathy (DR) was associated with more variation (larger ellipsoids) in refractive state and also a myopic shift (the 
centroids of the blue and magenta ellipsoids are shifted downwards relative to the black ellipsoids). In clinical terms, origins 
for both plots are emmetropia, that is, a refractive state of zero or 0 D. Tick intervals for the axes are 0.25 D. Each axis has four 
ticks (although only three appear on each axis with the fourth being at the end of the axis) and thus the axis lengths are each 1 D. 
Readers should allow their eyes to drift apart until a 3-dimensional percept is formed where the ortho-antistigmatic axis labeled J, 
should extend downwards and towards the left. The spherical or stigmatic axis labeled I represents change from simple spherical 
hyperopia through emmetropia (the origin) to myopia (the negative half of axis I which is not shown in the stereo-pair). Each axis 
really extends from positive to negative infinity but only a small part of the positive half of each axis is shown above.  

Jackson Crossed Cylinders with axes at 45 and 
135 .  The estimated distribution of mean autorefrac-
tion measurements in subjects with and without DR 
was evaluated using 95% confidence ellipsoids (ellip-
soids centered on a sample mean12) in Figure 2. From 
the figure it can be seen that the centroids (or centres) 
of the blue and magenta ellipsoids are shifted down-
wards along the stigmatic axis (in comparison with 
the black ellipsoids) so for the samples with DR the 
means were slightly more myopic. Additionally, the 
blue and magenta ellipsoids are elongated along the 
stigmatic axis, so variations with (and, indeed with-
out) DR are mainly stigmatic or spherical, that is, eyes 

vary by being more hyperopic or myopic mainly with 
less profound effects involving astigmatism. The ma-
genta ellipsoid is the largest and therefore this sample 
for the left eyes with the most severe DR had the most 
variable distribution with respect to the means of the 
other eyes concerned. This is an important new find-
ing concerning the possible relations between sever-
ity of DR and refractive state, although further studies 
using these methods are needed to confirm this result. 
After removal of outliers in samples for right or left 
eyes, the sample size (n = 19) for DME subjects was 
considered too small to proceed with a similar analy-
sis as above. 

Results obtained for the mean visual acuities in the 
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various groups are represented in the bar chart (Figure 
3). From the graph it can be seen that subjects with 
DR and DME exhibit poorer mean visual and pinhole 
acuities in both right and left eyes compared to sub-
jects without DME and DR (the higher the bars on the 
LogMAR scale the worse the visual acuity). As ex-
pected, subjects with DME reveal much poorer mean 
visual and pinhole acuities in both right and left eyes 
when compared to subjects with DR. An interesting 
observation to note, when comparing mean distance 
visual acuity in subjects’ left eyes with DME to their 
mean pinhole acuities, one might expect the pinhole 
acuities to improve. However, in this case it remains 
approximately the same. A possible explanation for 
this result is that in this sample the average preva-
lence of more severe DME was found in subjects’ left 
eyes, causing insignificant improvements in the mean 
acuity. For the right eyes, the expected improvements 
were seen but the severity of DME was less on aver-
age.

Error plots in Figure 4 were generated to compare 
the mean contrast visual acuity levels. Subjects with 
DR displayed much lower acuities on all three levels 
of CVA in left eyes. No significant differences were 

apparent at the 100% contrast levels. A significant 
difference in CVA2.5% level was observed for both 
right (t (200) = −2.0, p = 0.042) and left eyes (t (67), 
p = 0.035) of the DR subjects. In subjects with DME, 
significant differences in means for both CVA10% 
(t (200) = −2.3, p=0.021 in right eyes, and t (200) = 
−2.0, p = 0.046 in left eyes) and CVA2.5% (t (200) 
= −2.2, p = 0.033 in right eyes, and t (200) = −2.0, 
p = 0.045 in left eyes) levels were seen. It can there-
fore be concluded that there are indications that even 
small deteriorations in contrast visual acuities at the 
2.5% level might signify the presence of DR and larg-
er differences in contrast acuities at both the 10% and 
the 2.5% might be indicative of DME. The ETDRS 
contrast sensitivity charts might thus be a simple and 
fast but effective procedure to identify early or sub-
tle levels of injury to the retina or macula itself (but 
further investigations in this area are suggested to ex-
plore this issue and confirm the result). 

Results from the Farnsworth D15 tests revealed a 
higher percentage of tritan colour defects in the ma-
jority of DM subjects. However, no statistically sig-
nificant differences were found between tritan colour 
defects and the presence or absence of DR and/or 
DME.

A range of between 20% to 24 % of subjects with 
DR and DME reported central visual field defects on 
the Amsler grid respectively. The Amsler grid is a use-
ful and simple test that is effective for self-monitoring 
of the integrity of the central vision field should DME 
develop. This suggests the need to routinely dispense 
these charts, or similar ones which can be generated 
with common computer software, with complete in-
structions to all diabetics attending the clinic.

The mean recommended IOP range (16 -18 mmHg) 
was observed in all subjects and showed no correla-
tion between those subjects with and without DR and 
DME. 

Subjects with DR reported significant differences 
in mean scores in the question category regarding 
consumer and social interactions (t (200) = −2.159, p 
= 0.032). Subjects with DME reported significant dif-
ferences in categories of leisure and work (t (200) = 
−2.597, p = 0.010), consumer and social interactions 
(t (200) = –2.239, p = 0.026), and emotional reaction 
to vision loss (t (27.8) = –2.511, p = 0.018). This in-
dicates that these subjects reported difficulty in per-
forming activities or tasks in these domains mainly 

Figure  3. LogMAR bar graph representing the mean distance 
(DVa) and pinhole visual acuities (PVa) in subjects right (R) 
and left (L) eyes with and without DR and DME. A LogMAR 
reading of 0 indicates 6/6 visual acuity, and 0.5 indicates visual 
acuity of just less than 6/18. Thus the larger any bar the worse 
the visual acuity. With DR or DME visual acuities were worse 
than without DR or DME irrespective of type of visual acuity 
(habitual or pinhole) measured or laterality (whether right or left 
eyes were measured).
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due to their visual impairment.  
Subjects with DME on average reported having 

their last eye examinations at 29.4 months ago, and 
subjects with DR 24 months ago. 

Discussion and Conclusion
There are very few studies in South Africa regard-

ing visual or ocular aspects in DM, DR and DME. 
Therefore, the results of visual parameters assessed 
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in this study provide information in this regard and a 
more complete clinical analysis of visual aspects in 
DM, DR, and DME. 

The prevalence results indicate that approximately 
1 in 5 and approximately 1 in 8 DM persons under 
treatment presented with DR and DME at this clinic 
respectively. Prevalence in other diabetic clinics in 
South Africa includes, Joannou et al 13 who reported 
a slightly larger prevalence of 30.6%. Similarly, Car-
michael et al reported a prevalence of DR of 30%. 
They found 12% of DR was severe enough to war-
rant referral. As a group, they too found that Blacks 

Figure 4. Error plots representing contrast sensitivity levels in subjects right and left eyes with and without DR (a and b), and 
with and without DME (c and d). Symbols (filled circles, asterisks or squares) represent the mean LogMAR acuity of the sample, 
and whiskers represent ± 2 SEM.  Blue represents stimuli with higher contrast (100% or basically black-on-white) while green and 
red represents stimuli with lower levels of contrast (10 and 2.5% respectively). 

had significantly less DR than Indians or Whites14. 
In Kalk et al 15 the prevalence of DR was found to 
be similar in Blacks, 37%; Whites; 41% and Indians; 
37%. Only one study conducted in Cape Town report-
ed a prevalence of 55.4% of DR and 15.6% of PDR 
in 243 Black diabetes subjects recruited from three of 
the largest diabetes clinics in Cape Town16. Two retro-
spective studies were conducted in Kwa-Zulu Natal, 
one in urban Durban17 and one in rural Hlabisa18. In 
the 216 Black and Indian subjects, Motala et al report-
ed a prevalence of 53.2% of DR in Type 1 DM, and 
64.5% of DR in Type 2 DM17. In the Hlabisa study, 

(a) (b)

(c) (d)
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the prevalence of DR was 40.3% of which 11.1% was 
severe enough to warrant laser photocoagulation, and 
16.2% were prevalent with DME18. The Barbados 
Eye Study is the only international study containing 
a similar mixed cohort. In their study21 they reported 
prevalence of DR in Coloureds (of 19.8%), Blacks 
(28.5%) and Whites (7.5%), and DME was prevalent 
in 8.6%. 

The significant association of duration of DM 
found in this study is consistent with the majority of 
other studies, indicating that with longer duration of 
DM, DR and DME become more common14, 20-21.

 The above South African studies indicate that 
systolic BP is significantly associated with DR and/or 
DME15, 16. This is in contrast with our study, where 
only diastolic BP had a positive association with DR 
and DME. However, our result is consistent with 
most international studies involving majority Type 1 
DM subjects22.

HbA1c values were a significant risk factor for DR 
and DME in the majority of studies. However, no ap-
parent associations were found in this study. Possible 
explanations resulting in this inconsistency could be 
due to the relatively small DR and DME sample sizes, 
comparable HbA1c values between subjects without 
and with DR and DME and the relatively shorter du-
ration of this study compared to other studies where 
long-term glycemia control was compared to the pres-
ence of DR and DME.

This study provides some evidence that possibly an 
increase in variation of refractive status and myopia 
is found in eyes with more severe DR and DME. The 
10-year longitudinal Beaver Dam Eye Study found a 
hyperopic shift in subjects with DR (they equated re-
fractive status to the nearest spherical equivalent re-
fraction and thus did not use the multivariate methods 
of our study) and found a weak relation of refractive 
status to baseline readings23. The Visual Impairment 
Project defined myopia as a best corrected minus 
spherical equivalent power < –0.50 D and did not find 
a significant correlation between myopia and DR24. 

The results of decreasing VA with increasing se-
verity of DR and DME, as found in this study are con-
sistent with other studies, that is, subjects with more 
severe DR and DME displayed worse VA25-27. Levitt 
et al 16 is the only other study in this country, besides 
ours, that evaluated pinhole distance acuities. How-
ever, they used a conventional Snellen chart whereas 

we used the Lighthouse ETDRS charts. Approximate-
ly, fifty three percent were reported to have bilateral 
moderate VA (defined as 6/12 to 6/36) in their study.  
In our study, subjects with DR and DME displayed 
mean pinhole acuities between 6/9.5 and 6/15. 

Unfortunately, due to the wide variety of measure-
ment procedures, equipment, and calibrations used 
for the detection of CVA in various studies, no direct 
or simple comparison of results can be readily made. 
However, results from this study show that there are 
indications that contrast visual acuity can distinguish 
subjects with DR and DME. CVA in both the 10% and 
2.5% levels were more sensitive to substantial retinal 
changes in DME. 

Results regarding quality of life from this study 
can only be directly compared to that of Lamoureux, 
Hassel and Keeffe who also investigated DR with the 
IVI profile. Their results are consistent with this study, 
with the highest restriction of participation also found 
in the domains of leisure and work, mobility, and 
consumer and social interactions domains28. These 
results indicate the need for suitable rehabilitation 
programmes in these areas for diabetic subjects espe-
cially for those with DR and DME in order to improve 
their quality of life. For example, in the mobility do-
main possible interventions could include marking of 
stair edges with white paint and orientation training 
and in leisure and work it might include the provision 
of adaptive devices. For example, if one of the main 
visual needs is simply being able to read a newspaper 
or to read insulin dosages, ruler type magnifiers or 
clip-on magnifiers can be prescribed. For monitoring 
blood glucose levels, meters with large print displays 
or audible output can be made available.

One possible limitation of this study is that it is 
clinic based. Therefore, the differences in gender and 
ethnic distribution are possibly caused by socio-eco-
nomic factors. Thus, the prevalence and associations 
of DR and DME as calculated in this study do not 
allow for accurate estimates of DR and DME in the 
general population although they might have some 
predictive value. The results of this study are there-
fore probably mainly applicable to typical diabetic 
clinics in urban areas of South Africa.   

A second limitation is that DR and DME sub-
jects only consisted of a small percentage of the total 
sample. Larger sample sizes of these specific groups 
would be useful in the determination of more conclu-
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sive relationships between certain variables and DR 
and DME. Other temporal aspects such as the time of 
day when measurements were obtained, fatigue and 
lack of concentration are also dependent on glucose 
levels that fluctuate throughout the day, and this might 
have had important influences on some measurements 
obtained during this study. These limitations of this 
study, however, provide various areas or topics that 
need to be addressed with further research.  

Results from this study can be used by health-care 
personnel to form demographic, medical and visual 
profiles which can aid to help identify DR and DME 
in high-risk individuals. Additionally, these results 
can contribute to the implementation of various pro-
grammes and strategies that will aid in earlier iden-
tification and better management of DM. Research 
in these areas, in both South Africa and elsewhere, is 
quite limited and thus it was hoped that this research 
could contribute towards better understanding and 
perhaps suggest important areas for future investiga-
tion or further development. 
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